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ANNUAL REPORT 
June  15, 1987 

Mutant  Proteins-Enzymes  to  Hydrolyze  Toxic  Organophosphates 

John  H.  Richards 

Division  of  Chemistry  and  Chemical  Engineering 
California  Institute  of  Technology 
Pasadena,  California 

Contract:  N00014-83-K-0487 

During  the  past  year  work  has  continued  on  studies  of  the  relationship  between 
the  amino  acid  sequence  of  a  protein,  its  three-dimensional  structure,  the  stability  of 
the  folded  protein  (for  example,  its  resistance  to  stressful  environments  such  as  high 
temperature  and  acidic  or  basic  pH),  and  catalytic  activity.  We  have  also  explored 
approaches  that  change  the  types  of  reactions  catalyzed  by  a  particular  enzyme. 
These  studies  have  focused  principally  on  two  amidases,  8-lactamase  and  the  serine 
proteinase,  a-lytic  protease. 

1.  8-Lactamase 

a.  We  have  investigated  the  role  of  the  disulfide  bond  in  stabilizing  wild-type 
and  mutant  RTEM-1  B-lactamase. 

We  have  previously  generated  and  characterized  mutants  of  RTEM-1  8- 
lactamase  with  all  possible  amino  acid  substitutions  (site-saturation)  atThr  71;  this 
residue  is  part  of  tne  conserved  triad  (-Ser-Thr-Xaa-Lys-)  in  class  A  8-lactamases 
that  contains  the  active  site  serine  residue.  Surprisingly,  fourteen  of  the  mutant 
proteins  retain  considerable  catalytic  activity  but  all  19  are  less  stable  to  proteolysis 
and  thermal  denaturation  than  wild-type  8-lactamase.  Uniquely  among  class  A  8- 
lactamases,  the  RTEM-1  (and  RTEM-2)  enzymes  contain  a  single  disulfide  bond 
between  Cys  77  and  Cys  123.  To  study  the  possible  role  of  this  naturally  occurring 
disulfide  in  stabilizing  8-lactamases  with  mutations  at  residue  71,  this  bond  was 
removed  by  introducing  a  second  mutation  Cys  77  «►  Ser.  We  first  generated  and 
characterized  a  singly  mutant  Cys  77  ♦  Ser  8-lactamase.  Both  the  wild-type  and  the 
Cys  77  Ser  enzyme  confer  the  same  high  levels  of  resistance  to  ampicillin  in  vivo  to 
E.  coli;  at  30°C,  the  specific  activity  of  purified  Cys  77  -*■  Ser  enzyme  is  also  the  same 
as  that  of  the  wild-type  enzyme.  However,  above  40°C  or  above  pH  8  the  mutant 
enzyme  is  significantly  less  stable  than  wild- type  enzyme.  We  then  introduced  the 
Cys  77  •»  Ser  mutation  into  all  19  of  the  8-lactamases  containing  mutations  at 
residue  71  and  analyzed  the  ability  of  the  19  resulting  doubly  mutant  proteins  to 
confer  ampicillin  resistance  to  E.  coli.  None  of  the  doubly  mutant  proteins  conferred 
resistance  to  ampicillin  in  vivo  at  37°C;  proteins  with  Ala,  Val,  Leu,  lie.  Met,  Pro, 
His,  Cys  and  Ser  at  residue  71  conferred  low  levels  of  resistance  to  ampicillin  in  vivo 
at  30°C.  We  also  estimated  the  relative  quantities  of  mutant  proteins  in  whole  cell 
extracts  of  E.  coli  by  use  of  electrophoretic  blots  stained  with  antibodies  against  8- 
lactamase.  We  observed  that  all  19  of  the  doubly  mutant  enzymes  seem  to  be 
proteolyzed  much  more  readily  than  their  singly  mutant  analogues  that  contain  a 
disulfide  bond.  We  interpret  these  results  to  suggest  the  disulfide  bond  of  the  RTEM- 
1  B-lactamase  can  significantly  reduce  the  destabilizing  effect  of  mutations  at  Thr 
71.  These  results  also  emphasize  the  unique  and  essential  role  Thr  71  performs  in 
the  stable  folding  of  RTEM-1  8-lactamase. 
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b.  Regeneration  of  essentially  complete  catalytic  activity  by  chemical 
modification  has  been  achieved  by  treatment  with  ethylene  imine  of  a  mutant  of  6* 
lactamase  (Lys  73  Cys).  This  mutant  affects  a  lysine  residue  in  the  catalytic  site  of 
the  enzyme;  this  lysine  forms  a  hydrogen  bond  to  the  hydroxyl  group  of  the  catalytic 
serine.  The  loss  of  the  basic  amino  group  in  the  Lys  73  Cys  mutant  reduces  the 
activity  by  a  factor  of  ~104.  Can  one  recover  a  high  level  of  catalytic  activity  by 
reintroducing  an  amino  group  with  the  proper  relationship  to  tne  polypeptide 
backbone,  as  by  extension  from  the  sulfur  atom  of  the  cysteine  residue  by  a 
dimethylene  amino  group?  Indeed,  we  have  shown  that  such  chemical  modification 
can  accomplish  this  result  though  the  reactivation  requires  reaction  with  ethylene 
imine  under  mildly  denaturing  conditions  (4  M  urea)  necessary  to  partially  unfold 
the  protein  and  thereby  expose  the  sulfhydryl  group  of  the  cysteine  residue.  The 
resulting  aminoethylcysteine  is  essentially  isosteric  with  lysine. 


NH  w 

E-CH2SH+  - ►  E-CH2SCH2CH2NH3 

The  enzyme  reactivated  in  this  way  and  purified  has  regained  essentially  complete 
activity,  i.e.,  increased  by  104  its  catalytic  effectiveness  over  its  mutant  precursor. 
Such  chemical  modification  of  specifically  generated  mutants,  a  combination  of 
biological  and  chemical  techniques,  opens  new,  generally  useful  approaches  to 
structure-function  studies  and  to  the  creation  of  new  catalytic  agents  not  otherwise 
accessible. 

c.  D,D-carboxy peptidase  activity  has  been  introduced  into  B-lactamase  as 
pointed  out  in  last  year’s  report,  by  creating  the  following  chimeric  protein; 

50  *  78 

8-Lactamase:  -DLNSGK  i  Les-  f  r  peeRFpramS  t  f  K  v  1 1  cG- 

PBP5  Sequence:  -DLNSGKvLaeeqnadvRrdpaSltKnuntsG- 

this  protein  differs  by  about  8%  overall  from  B-lactamase  itself  and  shows  about  3 % 
of  the  activity  on  L-Lys-D-Ala-D-Ala  derivatives  of  the  D.D-carboxypeptidase  PBP5 
(the  wild-type  B-lactamase  completely  lacks  such  activity).  We  are  now  using  a 
synthetic  approach  to  introduce  a  number  of  amino  acid  substitutions  into  this 
region  of  the  enzyme  and  screening  the  resulting  mutants  on  a  chromogenic 
depsipeptide  system  to  drive  mutation  to  increase  carboxypeptidase  activity. 

d.  A  mutation  (Ala  172  -*■  Thr)  has  been  reported  (1)  to  increase  the  substrate 
specificity  of  RTEM-2  8-lactamase  for  cephems  relative  to  penams.  We  are  studying 
the  role  of  other  residues  at  this  position  by  a  site-saturation  experiment  of  the  type 
previously  employed  at  residues  71  and  73.  To  this  end  we  have  introduced 
restriction  sites  at  positions  near  residue  172  to  allow  use  of  cassette  mutagenesis  to 
obtain  the  desired  variants  which  are  now  in  hand.  DNA  sequencing  of  colonies  is 
underway  to  identify  mutants  containing  each  of  the  19  possible  variations  at  172 
before  assaying  the  effect  of  these  changes  on  substrate  specificity. 

e.  The  recent  structural  work  on  the  Staphyllococcus  aureus  B-lactamase  (2) 
(of  the  same  family  as  the  RTEM  enzyme)  calls  attention  to  two  residues  conserved 
in  all  class  A  lactamases:  Glu  266  and  Lys  234.  We  have  introduced  unique 


restriction  sites  preparatory  to  using  cassette  mutagenesis  to  carry  out 
saturation  studies  at  these  positions. 

1.  Hall,  A.  and  Knowles,  J.  R.  (1976)  Nature  264, 803-804. 

2.  Herzberg,  O.  and  Moult,  J.  (1987)  Science  236, 694-701. 


Accession  For 


f 


NTIS  GRAM 
DTIC  TAB 
Unannounced 
Justification. 


Distribution/ 


Availability  Codes 


Dist 


(Avail  and/or 
Special 


A  I 


DISTRIBUTION  LIST  MOLECULAR  BIOLOGY  PROGRAM 

ANNUAL.  PINAL.  AW)  TECHNICAL  REPORTS  (One  COPY  each  except  as  notedl 

Dr.  Lewis  F.  Affront! 

George  Washington  University 
Department  of  Microbiology 
2300  I  ST  NW 
Washington,  DC  20037 

Dr.  J.  Thomas  August 
The  Johns  Hopkins  University 
School  of  Medicine 
720  Rutland  Avenue 
Baltimore,  MD  21203 

Dr.  Myron  L.  Bender 
Chemistry  Department 
Northwestern  University 
Evanston,  IL  60201 

Dr.  R.  P.  Blakemore 
University  of  New  Hampshire 
Department  of  Microbiology 
Durham,  New  Hampshire  03824 

Dr.  Ronald  Bras low 
Columbia  University 
Department  of  Chemistry 
New  York,  NY  10027 

Dr.  James  P.  Co liman 
Department  of  Chemistry 
Stamford  University 
Stanford,  California  94305 

Dr.  Alvin  Crumbliss 

North  Carolina  Biotechnology  Canter 

Post  Office  Box  12235 

Research  Triangle  Park,  NC  27709 

Dr.  Marlene  Deluca 

University  of  California,  San  Diego 

Department  of  Chemistry 

La  Jolla,  CA  92093 

Dr.  Bruce  Erickson 
Chemistry  Department 
University  of  North  Carolina 
Chapel  Hill,  NC  27514 

Dr.  Richard  B.  Frankel 
Massachusetts  Institute  of  Technology 
Francis  Bitter  National  Laboratory 
Cambridge,  MA  02139 

Dr.  Hans  Frauenfelder 
Department  of  Physics 
University  of  Illinois 
Urbana,  IL  61801 

Dr.  Bruce  Gaber 

Naval  Research  Laboratory 

Code  6190 

Washington,  DC  20375 

Dr.  R.  W.  Giese 

Northeastern  Univ 

Section  of  Medicinal  Chemistry 

360  Hung ting ton  Ave 

Boston,  MA  02115 

Dr.  Barry  Honig 
Columbia  University 

Dept  of  Biochemistry  and  Molecular  Biophysics 
630  West  168th  St. 

New  York,  NY  10032 


Dr.  Alex  Kazu 

Department  of  Plant  Pathology 
Collage  of  Natural  Resources 
University  of  California 
Berkeley.  CA  94720 

Dr.  Robert  C.  Reap 
University  of  Health  Sciences 
Chicago  Medical  school 
Department  of  Biological  Chemistry 
3333  Green  Bay  Road 
North  Chicago.  IL  60064 

Dr.  Ghobind  H.  Khorana 
Massachusetts  Institute  of  Technology 
77  Massachusetts  Avenue 
Cambridge ,  MA  02139 

Dr.  Richard  Laursen 
Chemistry  Department 
Boston  University 
590  Coanonwealth  Avenue 
Boston.  MA  02215 

Dr.  Robert  H.  Lens 
Chemical  Engineering  Department 
University  of  Massachusetts 
Amherst,  MA  01003 

Dr.  Harden  M.  McConnell 
Stanford  University 
Department  of  Chemistry 
Stanford,  CA  94305 

Dr.  Kristin  Bowman  Mertes 
University  of  Kansas 
Department  of  Otemistry 
Lawrence,  Kansas  66045 

Dr.  Edgard  F.  Meyer 
Texas  AIM  University 

Department  of  Biochemistry  and  Biophysics 
Box  3578 

College  Station,  TX  77843 
Dr.  Jiri  Novotny 

Laboratory  of  Cellular  and  Molecular  Research 
Massachusetts  General  Hospital 
Boston,  MA  02114 

Dr.  Carl  0.  Pabo 
Johns  Hopkins  Medical  School 
Department  of  Biophysics 
Baltimore,  M)  21205 

Dr.  Frank lyn  Prendergast 
Mayo  Foundation 
200  First  St.  SW 
Rochester,  W  55905 

Dr.  Naftali  Primor 

New  York  Zoological  Society 

New  York  Aquarium 

Osborne  Laboratory  of  Marine  Science 
Brooklyn,  NY  11224 

Dr.  K.  S.  Rajan 

Illinois  Institute  of  Technology 
Research  Institute 
10  V.  35th  St. 

Chicago,  IL  60616 

Dr.  C.  Patrick  Reynolds 
Naval  Medical  Research  Institute 
Transplantation  Research  Program  Center 
Bethesda,  HD  20814 


£'sel«NA  */( 


Dr.  Alexander  Rich 
Departaent  of  Biology 
Massachusetts  Institute  of  Technology 
Caabridge,  HA  02139 

Dr.  J.  H.  Richards 

California  Institute  of  Technology 

Division  of  Cheaistry  and  Chaaical  Engineering 

Pasadena,  CA  91125 

Dr.  J.  S.  Richardson 
Duke  University  School  of  Medicine 
Departaent  of  Anatoay 
Durban,  NC  27910 

Dr.  Richard  Roblin 
Genex  Corporation 
16020  Industrial  Drive 
Gaithersburg,  MD  20877 

Dr.  Peter  G.  Schulte 
Departaent  of  Cheaistry 
University  of  California 
Berkeley,  CA  96720 

Dr.  Michael  E.  Selsted 
Departaent  of  Medicine 
UCLA  School  of  Medicine 
37-055  CHS 

Los  Angeles,  CA  90026 

Dr.  Michael  Shuler 

School  of  Chaaical  Engineering 

Cornell  University 

Ithaca,  New  York  16853 

Dr.  David  S.  Sigaan 
UCLA  School  of  Medicine 
Departaent  of  Biological  Cheaistry 
Los  Angeles,  CA  90026 

Dr.  John  M.  Stewart 

University  of  Colorado  Health  Science  Canter 
Departaent  of  Biochaalstry 
Denver,  00  80262 

Dr.  Dan  W.  Urry 

Laboratory  of  Molecular  Biophysics 
University  of  Alabaaa 
P.  0.  Box  311 
Birainghaa,  AL  35296 

Dr.  J.  Herbert  Waite 
College  of  Narine  Studies 
University  of  Delevers 
Lewes,  DE  19958 

Dr.  Gerald  D.  Watt 

Battelle-C.  F.  Kettering  Research  Laboratory 
150  East  South  College  Street 
P.  0.  Box  268 
Yellow  Springs,  Ohio  65387 

Dr.  Jon  I  Willises 
Allied  Corporation 
Coluabia  Rd  and  Park  Ave. 

Morristown,  RJ  07960 

Dr.  Eli  D.  Scheell,  Code  1161MB 
Office  of  Naval  Research 
800  North  (Rainey  Street 
Arlington,  VA  22217-5000 

Dr.  Michael  T.  Herron,  Code  1161MB 
Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  VA  22217-5000 


6'OcUam  Jt/j 


Dr.  Margo  6.  Haygood 
Office  of  Naval  Research 
*  800  North  Quincy  Street 

Arlington,  VA  22217-5000 

Adainstrator  (2  copies,  Enclose  DTIC  Fora  50) 
i  Defense  Technical  Information  Center 

Building  5,  Caaeron  Station 
Alexandria,  VA  22314 


ANNUAL  AND  FINAL  REPORTS  ONLY  (One  copy  each) 
Coaaander 

Chemical  and  Biological  Sciences  Division 
Army  Research  Office 
P.  0.  Box  12211 

Research  Triangle  Park,  NC  27709 

Directorate  of  Life  Sciences 

Air  Force  Office  of  Scientific  Research 

Bolling  Air  Force  Base 

Washington,  DC  20332 

Cheaistry  and  Ataospheric  Sciences  Directorate 
Air  Force  Office  of  Scientific  Research 
Bolling  Air  Force  Base 
Washington,  DC  20332 

Director 

Biotechnology  Division 
CRDEC 

Aberdeen  Proving  Grounds,  HD  21010-5423 

Adainistrative  Contracting  Officer 
ONR  Resident  Representative 

(Address  varies  -  obtain  froa  your  business  office) 
Director,  Code  12 

Applied  Research  and  Technology  Directorate 
Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  VA  22217-5000 

Director,  Code  22 
Support  Technology  Directorate 
Office  of  Naval  Technology 
800  North  Quincy  Street 
Arlington,  VA  22217-5000 

Director,  Code  112 
Environmental  Sciences  Directorate 
Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  VA  22217-5000 

Director,  Code  113 
Cheaistry  Division 
Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  VA  22217-5000 

FIPAL.AMP  lEWICAL.  mm?  ONLY 

Director  (4  copies) 

Naval  Research  Laboratory 

Attn:  Technical  Information  Division,  Code  2627 
Washington,  DC  20375 


